t h e o r y of s t r o n g i n t e r a c t i o n s .
a s w e l l a s i n r e l a t i v i s t i c g e n e r a l i s a t i o n s , t h e y a r e expected t o b e i n t e r p o l a t e d by a f u n c t i o n J =a($) -t h e Regge p o l e t r a j e c t o r y -w i t h some a n a l y t i c i t y p r o p e r t i e s . There i s good e x p e r i m e n t a l e v i d e n c e f o r p a r t i c l e s grouping i n f a m i l i e s and f o r t h e s e families t o l i e on l i n e a r Regge t r a j e c t o r i e s w i t h uni--2 v e r s a 1 s l o p e a ' -.9(GeV) . As i s w e l l known, t h e
Regge p o l e t r a j e c t o r y a ( t ) n o t o n l y i n t e r p o l a t e s t h e resonances but a l s o determines t h e a s y m p t o t i c behav i o u r sa(t) o f t h e s c a t t e r i n g a m p l i t u d e given by t h a t resonance exchange. There i s good phenomenolog i c a l e v i d e n c e f o r a smooth e x t r a p o l a t i o n from t h e resonance r e g i o n ( t

> 0) t o t h e d i f f r a c t i o n ( t < 0) region. S e v e r a l o t h e r p r o p e r t i e s of t h e Regge
p o l e d e s c r i p t i o n a f high energy e v e n t s a r e i n r e as o n a b l e agreement w i t h d a t a . The i n c l u s i v e a n a l y s i s of i n e l a s t i c e v e n t s i s compatible w i t h t h e u s e of t h e same t r a j e c t o r i e s a p p e a r i n g i n two body s c a t t er i n g . F a c t o r i s a t i o n i s a n o t h e r p r o p e r t y t h a t stems from p r e s e n t a n a l y s i s w i t h i n e r r o r s of t h e o r d e r of 20 % .
The t r a j e c t o r y f o r which o u r u n d e r s t a n d i n g i s most d o u b t f u l i s t h e Pomeron (P) o r vacuum exchange. No p a r t i c l e i s a s s o c i a t e d w i t h i t and, a s we s h a l l s e e l a t e r , t h e r e a r e some t h e o r e t i c a l a s w e l l a s phenomenological z o u b t s a s t o whether o r n o t we can exp e c t f o r i t a simple Regge p o l e s t r u c t u r e .
2.-REGGE CUTS : THE SIGN CONTROVERSY. -There i s a b a s i c reason f o r a simple Regge p o l e e x p r e s s i o n t o h o l d everywhere. I f t h e Regge p o l e e x p r e s s e s a n exchange of a s i n g l e resonance ( o r a s i n g l e f a m i l y of resonances) , we e x p e c t i t t o be c o r r e c t e d by mult i r e s o n a n c e exchanges. I n t h e J -p l a n e language we e x p e c t c u t s b e s i d e s p o l e s and very s i m i l a r l y t o what happens i n t h e energy plane, t h e . c u t s w i l l have some p r o p e r t i e s which a r e e s s e n t i a l l y kinema-
t i c a l . T h i s i s t h e c a s e f o r t h e branch p o i n t p o s i t i o n which i s r e l a t e d t o t h e t h r e s h o l d i n t h e energy-plane.
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1973112 I n t h e J plane, t h e two Reggeon branch-point i s expected t o be l o c a t e d a t :
I f t h e c u t a s s o c i a t e d with i t i s s o f t (i.e. t h e d i sc o n t i n u i t y vanishes a t t h e t i p ) t h e asymptotic beha-
v i o u r of t h e p o l e + c u t amplitude w i l l be a, ( t ) s , t t p a t + t ] .
(2) I f a(0) < 1 , ac(0) < a ( 0 ) and a l l o t h e r (multireggeon) c u t s w i l l be expected t o have a n even lower i n t e r c e p t . However, t o understand whether o r n o t t h e c u t i s s o f t and, i f i t i s , t o c a l c u l a t e y ( t ) i n (2) we need a more dynamical c a l c u l a t i o n . Exactly a s i t happens i n t h e energy plane, everybody a g r e e s on t h e
l o c a t i o n of t h e branch p o i n t s ( t h r e s h o l d s ) .
The c a l c u l a t i o n of t h e c u t c o n t r i b u t i o n involves dynamicsinsteadand t h e r e f o r e i s much more model dependent. A long d i s p u t e has been going on about t h e s i g n of y ( t ) ( f o r t -0) i n equation (2). D i f f e r e n t opinions stemmed from d i f f e r e n t views on what t h e Reggeon i s . Indeed, u n t i l one i s more s p e c i f i c on t h e dynamics t h a t g e n e r a t e s t h e Reggeon (bound s t a t e ) i t i s d i f f i c u l t t o draw conclusions on dynamical m u l t ireggeon c a l c u l a t i o n s . T h e o r i s t s working i n t h i s s u b j e c t can be c l a s s i f i e d mainly i n t o t h r e e groups :
1 ) P e r t u r b a t i v e . They see t h e Reggeon coming from a sum.of Feymnan diagrams (mainly of the l a d d e r type) and t h e r e f o r e look i n t o o t h e r F e y m n diagrams t o d i s c u s s t h e c u t .
2) s-channel u n i t a r i t y . They s e e t h e Reggeon a s coming from t h e shadow of an i n e l a s t i c process (i.e. m u l t i p e r i p h e r a l chain) and t h e r e f o r e look i n t o t h e shadow of o t h e r processes t o s e e t h e cut.
3) t-channel u n i t a r i t y . They s e e t h e Reggeon a s a pole i n t h e a n a l y t i c c o n t i n u a t i o n of a partial-wave expansion (Froissart-Gribov c o n t i n u a t i o n ) and theref o r e look i n t o a n a l y t i c c o n t i n u a t i o n s i n m u l t i p l e p a r t i a l wave expansions t o f i n d out t h e cut.
Coming back t o t h e s i g n of t h e c u t t h e general consensus obtained by c a l c u l a t i o n s i n a l l t h r e e of t h e afore-mentioned approaches i s t h a t y ( t ) i s negative.
I n approaches 1 ) and 3) t h e negative s i g n was a l r e a d y e s t a b l i s h e d before. I n t h e s-channel language i t has been f i n a l l y understood [ I ] which a r e t h e mult i p a r t i c l e s t a t e s t h a t a r e r e s p o n s i b l e f o r t h e negat i v e c o n t r i b u t i o n and t h a t i n v a l i d a t e t h e p o s i t i v e s i g n arguments [ 2 ] . T w i l l sketch a simple way t o understand t h e i s s u e . Let u s consider t h e Reggeon a s t h e shadow s c a t t e r i n g of t h e i n e l a s t i c e v e n t s of f i g u r e 1. Fig. 1 Then t h e Reggeon can be represented by t h e u n i t a r i t y diagram of f i g u r e 2 ( t h e c u t l i n e s i n t h e diagram being on t h e mass s h e l l ) . 
The shadow of t h e e l a s t i c process i t s e l f ( e l a s t i c c o n t r i b u t i o n t o t h e t o t a l c r o s s s e c t i o n ) i s then re-
presented by f i g u r e 3 and r e p r e s e n t s an obviously p o s i t i v e (cut) c o n t r i b u t i o n .
Fig. 3
But t h e presence of an e l a s t i c amplitude d i s t o r t s t h e incoming plane wavesiininelasticprocessesor, i n o t h e r words, g i v e s r i s e t o absorption. This a b s o r p t i o n c o r r e c t i o n would decrease t h e i n it i a l i n e l a s t i c amplitude of f i g u r e 1 by a q u a n t i t y t h a t can be represented by f i g u r e 4. The shadow of t h e complete i n e l a s t i c process ( The f a c t o r 2 i n f i g u r e 5 comes from t h e p o s s i b i l i t y of a b s o r b i n g i n e i t h e r i n i t i a l o r f i n a l s t a t e . We s e e t h a t t h e two Reggeon ( c u t ) c o n t r i b u t i o n of f i g u r e 5 i s minus t w i c e t h a t of f i g u r e 3 and t h e r e f o r e t h e sum of i n e l a s t i c and e l a s t i c shadow c o n t a i n s a neg a t i v e c u t c o n t r i b u t i o n a s i n f i g u r e 6 .
+higher order terms I n o t h e r words, t h e e l a s t i c a b s o r p t i o n d e c r e a s e s t h e i n e l a s t i c c r o s s s e c t i o n by t w i c e t h e amount of t h e e l a s t i c c r o s s s e c t i o n . I n t h e agreement j u s t s k e t c h e d , i t h a s been e s s e n t i a l t o c o n s i d e r m u l t i p a r t i c l e s t at e d i n t h e c a n c e l l i n g term of f i g u r e 4. I f i t had c o n t a i n e d o n l y a l i m i t e d f a m i l y of s t a t e s , d i f f e r e n t from t h e s e a p p e a r i n g i n t h e s t a t e s t h a t g e n e r a t e t h e Reggeon (Fig.2) , t h e c a n c e l l a t i o n would n o t have happened. T h i s i n c l u s i o n w a s n o t c o n s i d e r i n t h e p o s i t i v e c u t arguments [ 2 ] . The f a c t t h a t t h e n e g a t i v e s i g n can a r i s e from t h e t h r e e p i c t u r e s shows t h e c o n s i stency of t h e d i f f e r e n t p o i n t s of view. T h i s does n o t n e c e s s a r i l y imply t h a t everybody's c u t i s t h e same o b j e c t , b u t o n l y t h a t some c h a r a c t e r i s t i c s of i t seem t o be r a t h e r independent o f t h e d e t a i l s . The e x i s t e n c e of a few, b u t famous p h y s i c i s t s s t i l l advoc a t i n g a p o s i t i v e c u t , shows t h a t t h i s independence can be c h a l l e n g e d by a n unconventional view of what t h e Reggeon is.
. -TJE POMERON AS A DOMINANT POLE : DECOUPLINGS.
Let u s a s k whether we can have a simple Regge p o l e p i c t u r e w i t h t o t a l c r o s s s e c t i o n s which do not dec r e a s e a t h i g h e n e r g i e s . The answer w i l l obviously be no i f t h e r i s e a t ISR e n c r g i e s should be an i n d e f i n i t e r i s e . But even i f i t i s a temporary r i s e towards c o n s t a n t c r o s s s e c t i o n s , we w i l l s e e t h a t t h e Regge p o l e p i c t u r e cannot be extremely simple.
I f a ( 0 ) = 1, i n o r d e r f o r t h e Regge po:e t o g i v e c o n s t a n t c r o s s s e c t i o n s , ac(0) a s given by (1) i s a l s o 1 and s o w i l l a l l o t h e r c u t s be ( t h r e e Pomeron c u t s and s o on). One can however hope t h a t t h e sum o v e r a l l t h e s e c u t s , w i l l s t i l l g i v e a s o f t c u t cont r i b u t i o n l i k e t h a t of e q u a t i o n ( 2 ) . A f i r s t necess a r y c o n d i t i o n i n o r d e r t o have such a s i t u a t i o n i s t h e t r i p l e Pomeron decoupling. I f we d e f i n e by g ( t l , t 2 , t 3 ) t h e t r i p l e Pomeron c o u p l i n g r e p r e s e n t e d i n f i g u r e 7, a n e c e s s a r y c o n d i t i o n f o r having a F i g . 7
Pomeron p o l e a t 1 p l u s a s o f t c u t i s t h a t r3,4] :
T h i s c o n d i t i o n can be understood i n t h e t h r e e l a nguages s t a t e d b e f o r e ( t h e p e r t u r b a t i v e one being however the. l e a s t s u i t a b l e t o i n c l u d e ~( 0 ) = 1 ) .
Indeed i f e q u a t i o n (3) does n o t h o l d multipomeron diagrams w i l l a p p e a r a s shown i n f i g u r e 8. These diagrams w i l l have d i f f e r e n t i n t e r p r e t a t i o n s i n t h e d i f f e r e n t languages and w i l l dominate o v e r b o t h p o l e and c u t a t t = O i f g(O,O,O) # 0 inval i d a t i n g t h e r e f o r e t h e assumptions made on t h e simp l e p o l e + s o f t c u t s t r u c t u r e . Indeed t h e t -c h a n n e l i t e r a t i o n of t h e bubble of f i g u r e 8b w i l l end up i n a r e n o m l i s e d Pomeron w i t h m(0) > 1 .
What would be wrong i f a ( 0 ) > 1 ?
A p o l e + c u t i s u n t e n a b l e even w i t h o u t i n v o l v i n g F r o i s s a r t . Indeed t h e e l a s t i c c r o s s s e c t i o n would be l a r g e r t h a n t h e t o t a l . U n i t a r i t y -which i s n o t i n t h e scheme-could be e n f o r c e d byan e i k o n a l i s a t i o n p r e s c r i pt i o n but, of c o u r s e , t h e r e s u l t would have n o t h i n g t o do w i t h a p o l e + c u t . The e i k o n a l p i c t u r e i s i n st e a d i n agreement w i t h a p o l e + n e g a t i v e c u t f o r a ( 0 ) = 1 and g(O,O,O) # 0. T h i s h a s been argued, even w i t h o u t t h e t -c h a n n e l i t e r a t i o n by Blanicenbecler Fulco, Sugar [S] i n t h e framework of a n e i k o n a l model i n which d i f f r a c t i v e s t a t e s a r e t r e a t e d a s q u a s ip a r t i c l e s . They have shown t h a t t h e n e t e f f e c t of t h e Gribov c a l c u l u s t e c h n i q u e s [3 1, t h e y i n v e s t i g a t e t h e
Pomerorl v e r t e x r e n o r m a l i s a t i o n of f i g u r e 9. The Pomeron exchange g i v e s r i s e t o a s i n g u l a r p o t e n t i a l which i m p l i e s a non-Fredholm c h a r a c t e r of t h e i n t eg r a l e q u a t i o n of f i g u r e 9. A z e r o can then a p p e a r a s a s i n g u l a r i t y of a denominator (CDD p o l e ) . T h i s dynamical model i s n o t s a t i s f a c t o r y because i t g i v e s r i s e t o a n unwanted e s s e n t i a l s i n g u l a r i t y a t J = 1 , i t i s however c o n c e i v a b l e t h a t t h i s d i f f i c u l t y could be overcomed by smoothing t h e p o t e n t i a l . Anyhow, t h e dynamics f o r a dominant p o l e a t I cannot be simple.
I w i l l f u r t h e r show t h a t i t n e c e s s a r i l y i m p l i e s t h e e x i s t e n c e of hard c u t s a t a c e r t a i n m u l t i p a r t i c l e l e v e l . The n e c c s s a r y e q u a t i o n (3) i m p l i e s t h a t t h e t r i p l e p o l e amplitude cannot admit t h e simple Regge expansion of f i g u r e 10 f o r any r e g i o n of phase space of p a r t i c l e c where Ri and R a r e a r b i t r a r y p a r t i c l e s j o r Reggepoles. Indeed t h e t r i a n g l e (loop) i n t e g r a t i o n w i l l f a i l t o g i v e t h e z e r o . Or, t o r e v e r s e t h e a rgument, i f one (erroneously) assumes such a n expans i o n , t h e z e r o must be i n t r o d u c e d by hand and t h i s i m p l i e s t h a t t h e Pomeron should decouple from many c h a n n e l s 171. I n p a r t i c u l a r i t should decouple i n forward e l a s t i c s c a t t e r i n g , f a i l i n g t h e r e f o r e i n i t s " r a i s o n d ' e t r e " i . e . c o n s t a n t c r o s s s e c t i o n s . 
T h i s simply means t h a t t h e
L e t me s a y t h a t t h i s does n o t impeach t h e t h e o r e -
t i c a l soundness of t h e J p l a n e language. S i m p l i c i t y i s o n l y a hope and n o t a t h e o r e t i c a l requirement.
I t might w e l l be t h a t l i f e i s a s complicated i n t h e J p l a n e a s i t i s i n t h e s p l a n e and t h a t a t h e o r e t ic a l dynamical d e s c r i p t i o n can u s e one a s w e l l a s t h e o t h e r language. T h i s h a p p e n s , f o r i n s t a n c e , w i t h d u a l t h e o r i e s where t h e J p l a n e i s an a l t e r n a t i v e desc r i p t i o n which,however,does not s i m p l i f y t h e development of t h e theory.
S e v e r a l models have been proposed i n which t h e f i n a l answer i n t h e J p l a n e i s n o t a dominant p o l e a t J = 1 181.
One of them i s t h e absorbed m u l t i p e r i p h e r a l model
E l a s t i c a b s o r p t i o n , i n t h e form of a d i s t o r t e d wave approximation, i s superimposed on a m u l t i p e r ip h e r a l model. T h i s i m p l i e s c o r r e c t i n g t h e m u l t i p e -
t, =O t,=O
r i p h e r a l MP T 2 -n a m p l i t u d e -in t h e impact paramei Pi =& i? t e r r e p r e s e n t a t i o n s -i n t h e form
t =O
The p r e s e n t e x p e r i m e n t a l s i t u a t i o n i s confused. Fig. 10 Cf. Foa r e p o r t i n t h e s e proceedings. (4) a r e t h e same. The r e s u l t f o r t h e e l a s t i c amplitude, i n t h e J language, i s a s e l fc o n s i s t e n t h a r d c u t of t h e form
STRONG INTERACTION THEORY where S i s t h e e l a s t i c two body s c a t t e r i n g amplitude.
A s e l f -c o n s i s t e n c y i s now r e q u i r e d , i n t h e s e n s e t h a t MP t h e i n p u t i n T2n ( t h e rungs of t h e m u l t i p e r i p h e r a l chain), t h e a b s o r b i n g e l a s t i c a m p l i t u d e s i n (4) and t h e d i f f r a c t i o n correspor.ding t o t h e i n e l a s t i c amplit u d e TZn of
I n t h e impact parameter language, i t corresponds t o a back d i s k w i t h a r a d i u s expanding w i t h l o g s . T h i s c u t i s e s s e n t i a l l y n o t f a c t o r i z a b l e a s would happen i n a l l models i n which t h e r e i s an s-channel development ( a s t h e e i k o n a l ones). I t i s n o t c l e a r how mod e l s of t h i s k i n d can be made t o be compatible w i t h t -c h a n n e l u n i t a r i t y . They have been c o n s t r u c t e d f o r t < 0 and i n t h e c o n t i n u a t i o n f o r t > 0 up t o t h e threshold,where u n i t a r i t y g i v e s i n f o r m a t i o n o n t h e n a t u r e of t h e d i s c o n t i n u i t y , t h e s t r o n g s i n g u l a r i t y of t h e c u t must have t u r n e d o u t t o be mild.
Bronzan and J o n e s (101 gave arguments due t o which t h i s r e c o n v e r s i o n cannot happen. A counter-example h a s been r e c e n t l y produced [ l l ] i n o r d e r t o show t h a t t h e assumptions made by Rronzan and J o n e s t o prove
t h e i r s t a t e m e n t can be circumvented. The c o u n t e rexample i s r a t h e r u n n a t u r a l and h a s some u n a c c e p t a b l e f e a t u r e s , but i t i s a w a r n i n g a g a i n s t simple continuat i o n arguments. T h i s shows once more t h e d i f f i c u l t y of e n s u r i n g u n i t a r i t y i n one channel f o r models b u i l t from u n i t a r i t y i n a n o t h e r one.
5.-A PERTURBATIVE POMERON. -Another approach, which i s however i n t e r r e l a t e d w i t h t h e one j u s t d i scussed, i s t h a t of t h e p e r t u r b a t i v e Pomeron. I n t h i s p o i n t of view t h e "bare" Pomeron (a p o l e a t one o r n e a r l y a t one) i s a f i r s t term i n a n expansion i n g l o g s where g i s r e l a t e d t o t h e t r i p l e Pomeron coup l i n g (which does n o t need t o have a z e r o a t t = O ) .
The b a r e Pomeron should be t h e shadow o f i n e l a s t i c e v e n t s i n which t h e r e a r e no r a p i d i t y gaps, a s shown i n f i g u r e s 1 and 2 f o r i n s t a n c e . The f i r s t c o r r e c t i o n s c o n t a i n one i t e r a t i o n of t h a t Pomeron, i . e . e v e n t s i n which t h e r e i s one l a r g e r a p i d i t y ( d i f f r a c t i v e i n el a s t i c p r o d u c t i o n a s i n f i g u r e 11) a s w e l l a s a f i r s t a b s o r p t i v e c o r r e c t i o n (Fig.4 ). The l a r g e r a p i d i t y e v e n t s could be r e s p o n s i b l e f o r t h e i n c r e a s e of t o t i n t h e ISR range.
Here we f i n d two p o i n t s of view. Another p o i n t o f view [13] i s t h a t a b s o r p t i v e corr e c t i o n s cannot be n e g l e c t e d because t h e n c r o s s sect i o n s would end up i n c r e a s i n g a s a power. I n t h e s e models uT i s expected t o i n c r e a s e a t h i g h e r e n e r g i e s even more r a p i d l y t h a t a t ISR u n t i l probably s a t u r at i n g t h e F r o i s s a r t bound f o r g l o g ( s / s ) -roo (g h a s 1 been e v a l u a t e d t o be of t h e o r d e r of 1/10). Ultimat e l y t h e s e models would l o o k l i k e t h o s e o f s e c t i o n
However t h e apporach t o t h i s s o l u t i o n should be
v e r y slow and t h e r e f o r e , i r r e l e v a n t f o r o u r p r e s e n t (and f u t u r e ) f a c i l i t i e s . At p r e s e n t e n e r g i e s a f a ct o r i s a b l e Pomeron a n a l y s i s , w i t h few (one) t and schannel i t e r a t i o n s , should be s u f f i c i e n t .
These models s h a r e w i t h t h e Cheng and W u one 1141 t h e c h a r a c t e r i s t i c s of an a b s o r p t i o n ( o r e i k o n a l i s at i o n ) of a Pomeron which o t h e r w i s e would be s l i g h t l y above one. I n t h e Cheng and W u approach t h e v a l u e a p p e a r s i n a more n a t u r a l way due t o t h e v e c t o r char a c t e r of t h e i r fundamental f i e l d
. On t h e o t h e r hand, t h e l a c k o f , c o n n e c t i o n of one w i t h t h e dynamics of m u l t i p l e p r o d u c t i o n makes u n n a t u r a l o r even v i o l a t e s t h e s t r o n g s c a l i n g p r o p e r t i e s and l o g a r i t h m i c m u l t ip l i c i t i e s . Why t h e Pomeron i s a t one i n a dynamics which h a s s c a l i n g , i s a p u z z l i n g q u e s t i o n . I f one succeeds i n a s s i g n i n g t o t h e Pomeron a m u l t i p l i c i t y t h a t i s d o u b l e t h a t o f t h e Reggeon, i n a s e l fc o n s i s t e n t m u l t i p e r i p h e r a l approach ap comes o u t t o b e one independent o f t h e Reggeon i n t e r c e p t . I t h a s r e c e n t l y been proposed [15] t o f i n d t h i s dou-
b l i n g i n t h e n o n -p l a n a r i t y of Pomeron diagrams a s compared t o t h e p l a n a r i t y o f t h e Reggeon o n e s a s s u g g e s t e d by d u a l models.
6.-LOOKING FOR AN UNDERLYING DYNAMICS. -We have s e e n t h a t t h e Regge p o l e s t r u c t u r e , which i s a manif e s t a t i o n of t h e n o n -e l e m e n t a r i t y o f t h e hadron, h a s some c l e a r -c u t phenomenological s u c c e s s e s . The t r e a tment of m u l t i r e g g e c o n t r i b u t i o n s becomes however un- drawn from p r e s e n t phenomenology.
a v o i d a b l e a t t h e Pomeron l e v e l and t h i s i m p l i e s t h e D. AMATI n e c e s s i t y of a more d e t a i l e d dynamics which goes beyond t h e non-elementary s t a t e m e n t . I i l l u s t r a t e d t h e l i m i t e d u n d e r s t a n d i n g of t h i s dynamics by showing how some d i f f e r e n t views of what t h e Pomeron i s l e d t o d i f f e r e n t multipomeron c o n t r i b u t i o n . I n t h e p a r a l -
At t h i s s t a g e we c o u l d t r y t o p u t t h e q u e s t i o n a t a more fundamental l e v e l by a s k i n g which a r e t h e t h e o r e t i c a l views on t h e dynamics t h a t u n d e r l i e s t h e hadron s t r u c t u r e . The answers t o t h a t q u e s t i o n a r e r a t h e r s p e c u l a t i v e and r e v e a l more o f t h e psychology o f t h e i n d i v i d u a l s c i e n t i s t t h a n h i s r e a l u n d e r s t a nd i n g of t h e p h y s i c a l world. Any a t t e m p t can have i t s beauty and g i v e a c o r r e l a t i o n between a c e r t a i n s e t ( d i f f e r e n t f o r d i f f e r e n t approaches) of f a c t s .
A n i c e s u g g e s t i o n i s t h a t o f n u c l e a r democracy, i.
e. t h a t hadrons a r e made up of themselves and t h a t t h e r e i s no one which i s more fundamental t h a n any o t h e r . Going i n s i d e t h e hadron we should n o t f i n d any fundamental s t r u c t u r e . The e t h i c a l advantage of t h i s
p o s i t i o n i s c o u n t e r b a l a n c e d by t h e d i f f i c u l t y o f e x p l a i n i n g -in i t s framework-t h e q u a r k -l i k e s t r u ct u r e of t h e hadron quantum numbers a s w e l l a s t h e SLAC and n e u t r i n o s c a l i n g r e s u l t s . The f a c t t h a t t h e hadron can e a s i l y a b s o r b a l a r g e momentum t r a n s f e r -by b r e a k i n g up-i s a n i n d i c a t i o n (even i f n o t a t a l l a demonstration) of p o i n t l i k e o r h a r d s t r u c t u r e s .
Moreover i f one a d o p t s t h i s e l e m e n t a r v q u a r k p o i n t o f v{?w, one f i n d s t h a t t h e hadron c u r r e n t s t o which t h e l e p t o n s o r t h e e l e c t r o m a g n e t i c f i e l d a r e coupled s a t i s f y some a l g e b r a i c p r o p e r t i e s (checked roughly w i t h sum r u l e s ) which a r e n a t u r a l f o r a f r e e quark f i e l d . T h i s might seem h a r d t o swallow : o u r good o l d hadrons made up of f r e e non e x i s t a n t e n t i t i e s I But a n i n t e r e s t i n g l i n e of r e s e a r c h h a s shown, d u r i n g t h e l a s t y e a r , t h a t t h i s i d e a i s p e r h a p s n o t s o crazy.
Of c o u r s e q u a r k s a r e n o t f r e e a t a l l i n o u r hadrons, b u t i t could happen t h a t t h e i n t e r a c t i o n among them, e v e n i f e x t r e m e l y complicated, i s such t h a t a t v e r y small d i s t a n c e s (very l a r g e momenta) i n s i d e t h e hadron, t h e y a p p e a r t o be f r e e . T h i s h a s been c a l l e d a s y m p t o t i c freedom and s p e c i f i c e l e m e n t a r y models showing t h i s p r a p e r t y ; h a v e been found.
-ASYMPTOTIC FREEDOM (SHORT DISTANCES). -L e t u s s t a r t i n q u i r i n g what i s t h e a s y m p t o t i c behaviour
of a m a s s l e s s r e n o r m a l i z a b l e t h e o r y . Such a t h e o r y depends o n n few d i m e n s i o n l e s s parameters ( l e t u s s a y one c o u p l i n g c o n s t a n t k a p a r t fromunmeasurable p a r am e t e r s l i k e f i e l d r e n o r m a l i z a t i o n ) a n d h a s no i n t r i ns i c s c a l e . But Green f u n c t i o n s , c r o s s s e c t i o n s , etc... a r e measured i n energy u n i t s p o . The invar i a n c e under a s c a l e t r a n s f o r m a t i o n (GeV t o grams f o r i n s t a n c e ) i m p l i e s t h a t i f we do s o i t s e f f e c t s
can be compensated by a r e d e f i n i t i o n o f t h e dimens i o n l e s s parameters. T h i s s t a t e m e n t i s c o n t a i n e d i n t h e C a l l a n Symanzik e q u a t i o n 1171 which i n t h i s c a s e i s t h e r e n o r m a l i z a t i o n group e q u a t i o n [la]. L e t u s c a l l p(A) = dh/dCb , I n a n y s p e c i f i c t h e o r y i t can be c a l c u l a t e d a s a power expansion i n A. L e t u s suppose t h a t ~( h ) (which i n g e n e r a l v a n i s h e s a s a power of h f o r A + 0) i s n e g a t i v e f o r A < Al. Then i f we s t a r t a t A = hl and i n c r e a s e t h e energy, t h e more we i n c r e a s e p t h e s m a l l e r h, g e t s . F i n a l l y po +
i . e . a n i n f i n i t e energy s c a l e , h + 0 .
T h e r e f o r e , i f a l l o u r momenta a r e v e r y l a r g e , o u r t h e o r y w i l l l o o k l i k e a f r e e theory. The n e x t s t e p i s t h e remark t h a t i f o u r t h e o r y i s r e n o r m a l i z a b l e but massive, t h e r e i s a f a r u l t r a -v i o l e t r e g i o n ( 1 a rge, s p a c e l i k e momenta) i n which t h e s c a l e of t h e mass i s l o s t and, t h e r e f o r e , t h e t h e o r y behaves a s amasslesstheory.Thisfarultra-violet region c o r r e s - i n e l a s t i c n e u t r i n o o r e l e c t r o n s c a t t e r i n g a n d p e r h a p s c o r r e l a t e d t o v e r y largemomentumtransversehadronevents.
W e f i n d t h e r e f o r e t h a t i f p (~) < 0 , t h e t h e o r y can be v e r y c o m p l i t a t e d a t s m a l l o r i n t e r m e d i a t e e n e r g i e s (where masses r e p r e s e n t t h e s c a l e ) but i s a s y m p t o t i c a l l y f r e e . L e t m e stress t h a t t h e a n a l y s i s performed i n t h e a s y m p t o t i c p r o p e r t i e s of Green f u n c t i o n s i s e s s e n t i a l l y n o n -p e r t u r b a t i v e .
For r e n o r m a l i z a b l e t h e o r i e s i n which t h e r e a r e s e v e r a l c o u p l i n g c o n s t a n t s A.,asymptotic freeedom happens i f pi(cl,) ( r o t e o f v a r i a t i o n o f h. w i t h r e s p e c t t o t h e s c a l e ) a r e a l l n e g a t i v e .
One can now a s k which of t h e known r e n o r m a l i z a b l e t h e o r i e s a r e a s y m p t o t i c a l l y f r e e (pi <O). The s i t u a -
-t h e o r i e s t h a t do n o t i n v o l v e n o n -a b e l i a n YangMills gauge mesons a r e n o t a s y m p t o t i c a l l y f r e e .
T h i s f a m i l y i n c l u d e s a b e l i a n gauge f i e l d s l i k e q . e . d . , i f t h e r e a r e n o t t o o many fermions.
-Spontaneously broken gauge t h e o r i e s . Some asympt o t i c a l l y f r e e models a r e known. S c a l a r Higgs mesons t e n d however t o e l i m i n a t e a s y m p t o t i c freedom.
Even i f t h e models showing a s y m p t o t i c freedom a r e s t i l l n o t v e r y r e a l i s t i c t h e i d e a i s a t t r a c t i v e . Cont r a r y t o t h e u s u a l p i c t u r e (meson exchange p o t e n t i a l s o n t h e o u t s i d e and a h a r d c o r e t o mask a n u n c o n t r o ll a b l e c o m p l i c a t i o n i n s i d e ) it could happen t h a t a t v e r y s m a l l d i s t a n c e s t h e t h e o r y i s v e r y simple i f smart enough. It i s i n going from t h e i n s i d e t o t h e o u t s i d e t h a t a l l t h e c o m p l i c a t i o n s a p p e a r a s w e l l a s p h y s i c a l l y i n t e r e s t i n g p r o p e r t i e s such a s spectrum of hadrons and t h e i r i n t e r a c t i o n s . A c t u a l l y many pec u l i a r t h i n g s must happen i n going from t h e i n s i d e t o t h e p e r i p h e r y . The most i n t r i g u i n g one i s t h a t t h e quarks, o r analogous elementary o b j e c t s , even i f v e r y f r e e a t s m a l l d i s t a n c e s , a r e somehow n o t a llowed t o go f a r out. A s t r a n g e freedom, i t l o o k s t o me much more l i k e a p r i s o n i n which you a r e v e r y f r e e a s l o n g a s you do n o t move, b u t you cannot g e t o u t .
8.-ASYMPTOTIC PRISON (LONG DISTANCESl. -L e t u s d i s c u s s which ways have been envisaged by t h e o r i s t s t o p r e v e n t t h e q u a r k s from l e a v i n g . One way i s t o impose it by d e c r e e : f o r i n s t a n c e t o a s s i g n t o t h e q u a r k s a new quantum number (coloured SU(3) [20]) and t h e n t o impose t h a t o n l y n e u t r a l s t a t e s w i t h r e s p e c t t o t h a t of quantum numbers (coloured s i n g l e t s ) a r e p h y s i c a l s t a t e s , o r t o a s s i g n a p a r a s t a t i s t i c s t o quarks. I n t h e p a r a l l e l s e s s i o n s [21] Haag h a s shown t h a t under r a t h e r g e n e r a l requirements t h i s w i l l
n o t p r e v e n t q u a r k s from l e a v i n g .
A t e n t a t i v e dynamical j u s t i f i c a t i o n i s found i n a p i c t u r e r22] i n which a harmonic o s c i l l a t o r -l i k e p o t e n t i a l -very s o f t a t s m a l l d i s t a n c e s and very s i n g u l a r f o r l a r g e d i s t a n c e s -i s supposed t o a c t b e tween quarks. Such a p o t e n t i a l should be coupled t o t h e coloured c h a r g e s o t h a t a n e u t r a l p a i r -o r neut r a l t r i p l e t -would n o t f e e l i t a t a l l and would be allowed t o l e a v e t h e hadron p r i s o n . The t r o u b l e w i t h t h i s p i c t u r e i s t h a t i t h a s a v e r y vague theor e t i c a l framework : t h e o r i g i n of such a f o r c e b e i n g u n s t a t e d , t h e r e i s no c l e a r -c u t f o r m a l i z a t i o n and, t h e r e f o r e , i t i s d i f f i c u l t t o o b t a i n much more t h a n what h a s been p u t i n (quarks a r e n o t a l l o w e d t o l e a v e ) . I t h a s r e c e n t l y been s u g g e s t e d t h a t , perhaps, gauge t h e o r i e s w i t h Higgs mechanism can p r o v i d e a c l u e towards a s o l u t i o n o f t h e problem. A mechanism t h a t p r o v i d e s a mass p r o v i d e s -by the. same t o k e n -a screening. Long range f o r c e s -c h a r a c t e r i s t i c o f m a s s l e s s gauge f i e l d coupled t o t h e coloured chargec e a s e t o be such i f t h e f i e l d a c q u i r e s a mass. The p o l a r i z a t i o n of t h e vacuum i s r e s p o n s i b l e f o r such
a s c r e e n i n g much i n t h e same way i n which a p o l a r iz a b l e media would s c r e e n a n e l e c t r i c charge.
Whether t h e s c r e e n i n g i s s u f f i c i e n t l y e f f e c t i v e t o f o r b i d t h e s e p a r a t i o n o f c o l o u r e d c h a r g e s i s f a r from being understood. T h i s h a s been shown t o b e t h e c a s e [23], i n one of t h e v e r y few f i e l d t h e o r e t i c a l gauge mod e l s which can be s o l v e d e x a c t l y and which h a s t h e
Higgs mechanism, i.e., q.e.d. i n 2 dimensions
( 1 space, 1
time). I n t h i s model, t h e f e d o n (quark) i n i t i a l l y p r e s e n t i n t h e t h e o r y n e v e r a p p e a r s asympt o t i c a l l y . I t does n o t p r o p a g a t e by i t s e l f , and t h e s t a t e s made up by p a i r s a r e m i r a c u l o u s l y transformed i n t o s t a t e s made up o n l y b y s c a l a r a n d v e c t o r massive f i e l d s (no t r a c e o f fermion a n t i f e d o n continuum) i n which t h e mass ( a b s e n t i n t h e o r i g i n a l Lagrangian) i s p r o p o r t i o n a l t o t h e s q u a r e o f t h e i n t e r a c t i n g charge. U n f o r t u n a t e l y t h e model i s s o simple, t h a t i n terms of t h e v e c t o r and s c a l a r mesons i t i s a f r e e f i e l d model ( u n i t S m a t r i x ) . I t i s n o t c l e a r a t a l l how many of t h e d e s i r e d p r o p e r t i e s depend on t h e 2 dimensions ( i t i s c l e a r t h a t i n one s p a c e d imension t h e s c r e e n i n g o f o p p o s i t e p o i n t c h a r g e s i s v e r y e f f i c i e n t ) and how much c o u l d s u r v i v e i n more r e a l i s t i c a t t e m p t s . O p t i m i s t s can hope t h a t t h e s c r e e n i n g p r o p e r t i e s w i l l s u r v i v e i n g e n e r a l i z a t i o n s (4 d i m n s i o n s , non a b e l i a n gauges, e t c ... ) w h i l e t h e t r i v i a l i t y of t h e s o l u t i o n ( u n i t S m a t r i x ) c o u l d be l o s t . I f so, a s y m p t o t i c a l l y f r e e gauge t h e o r i e s should be t h e b e s t s u i t e d t o p r o v i d e f o r t h e asympt o t i c p r i s o n . Indeed, i f p i s n e g a t i v e everywhere,
we w i l l f i n d i n f i n i t e s t r o n g i n t e r a c t i o n (A + m) i n t h e f a r i n f r a -r e d r e g i o n ( l a r g e d i s t a n c e s ) .
9.-GAUGE THEORIES AS CANDIDATES FOR UNIFYING
STRONG. e.m. AND WEAK INTERACTIONS. -We have s e e n t h a t gauge t h e o r i e s -t h a t were s o s u c c e s s f u l i n u n i f y i n g weak and e.m. i n t e r a c t i o n s -have some spec i f i c f e a t u r e s t h a t make them good c a n d i d a t e s f o r a n u n d e r l y i n g t h e o r y o f s t r o n g i n t e r a c t i o n s . At s m a l l d i s t a n c e s t h e p r a c t i c a l l y f r e e q u a r k s t r u c t u r e w i l l be a t work, w h i l e a t l a r g e o n e s t h e complete s c r e en i n g should g i v e r i s e t o a p i c t u r e i n which q u a r k s a r e a b s e n t . The t r a n s i t i o n between t h e s e two extreme
D. AMATI views ( t h e f a r i n s i d e and t h e f a r o u t s i d e ) should d e s c r i b e t h e complicated dynamics o f o u r hadron world. T h i s t r a n s i t i o n i s b a s i c a l l y n o n -p e r t u r b a t i v e
and f o r t h e time being we have n o t even a n i d e a on how t o handle it. Anyhow, we s a i d a l r e a d y b e f o r e t h a t we have n o t even a model showing t h e aforementioned p r o p e r t i e s , and o u r hopes a r e based o n l y o n some i n d i c a t i o n s .
Recently some v e r y p r e l i m i n a r y a t t e m p t s a t f i n d i n g a u n i f i e d framework f o r s t r o n g , e.m. and weak i n t e ra c t i o n s have been proposed 1241. The s t a r t i n g i d e a i s t o u n i t e quarks and l e p t o n i n r e p r e s e n t a t i o n s of a p r o d u c t of two groups, one of them being a ( c h i r a l ) gauge group of e.m. and weak i n t e r a c t i o n s , t h e o t h e r being a p a r i t y c o n s e r v i n g ( s t r o n g ) gauge
group. I n t e r a c t i o n a r e i n t r o d u c e d by gauge v e c t o r s w i t h spontaneous symmetry breaking. The d i f f e r e n t s t r e n g t h s of t h e i n t e r a c t i o n ( s t r o n g on one s i d e , weak and e.m. i n t h e o t h e r ) and t h e way of b r e a k i n g t h e o r i g i n a l groups i n o r d e r t h a t s t r o n g i n t e r a c t i o n s a c t o n l y among q u a r k s and t h a t t h e weak + e.m. subgroup i s o n l y SU(2) x SU(2) a r e p r o p e r t i e s i n t r o d u c e d
by hand by gauging o n l y t h e convenient subgroups. We a r e v e r y f a r from a r e a l i s t i c s t a r t i n t h a t d i r e ct i o n , b u t i t i s a n i n t e r e s t i n g approach i n which, I
T h i s h a s n o t much dynamical c o n t e n t . I t h a s a l s o been s p e c u l a t e d 1251 t h a t t h e p o s s i b l e mixing between q u a r k s and l e p t o n s (by gauging t h e a p p r o p r i a t e v e c t a r meson) could be e x p l o i t e d t o break baryon c o n s e r v a t i o n . T h i s b r e a k i n g could be i n h i b i t e d a t low e n e r g i e s by a s s i g n i n g a mass of t h e o r d e r of 4 10 GeV t o t h e corresponding v e c t o r gauge meson. For e n e r g i e s of t h a t o r d e r of magnitude weak and e.m. i n t e r a c t i o n s would become s t r o n g and baryon conservat i o n completely broken. L i f e t i m e s f o r l e p t o n decays should be of t h e o r d e r of f o r q u a r k s and 1 0 40 s e c f o r t h e proton. The l a r g e s i z e of t h e l a s t f i g u r e i s due t o t h e need of a l e p t o n decay of t h e t h r e e q u a r k s i n s i d e t h e p r o t o n . T h i s i s because one o r two q u a r k s (somehow) could n o t be l e f t alone. T h i s i m p l i e s t h a t i n t h e p r o t o n p r i s o n , q u a r k e s c a p e i s punished by d e a t h . Another a p p e a l i n g f e a t u r e of gauge t h e o r i e s i s t h e i r r e g g e i z a b i l i t y . I t h a s r e c e n t l y been shown 1261 t h a t gauge t h e o r i e s w i t h spontaneous b r e a k i n g meet some n e c e s s a r y c o n d i t i o n s f o r f e n n i o n s and vect o r mesons t o l i e o n t h e i r own Regge t r a j e c t o r i e s independent of t h e v a l u e s of t h e c o u p l i n g c m t e n t s T h i s i s n o t t h e c a s e f o r t h e Higgs s c a l a r meson. L e t me p o i n t o u t t h e conceptual i n t e r e s t of t h i s f a c t . We s t r e s s e d a t t h e beginning t h a t t h e Regge c h a r a c t e r i s t y p i c a l ofbound s t a t e s . T h e n f i e l d s t h a t l i e on Regge t r a j e c t o r i e s , should be b o t h fundamental and bound. T h i s i s a t y p i c a l b o o t s t r a p c o n d i t i o n t h a t can imply t h a t a n " a r i s t o c r a t i c " f i e l d t h e o r y can r e c o v e r democracy i n t h e s e n s e t h a t t h e o r i g i n s a r e q u i c k l y f o r g o t t e n . And, one could s p e c u l a t e t h a t t h e t h e o r y should t u r n o u t t o be t h e same i n s p i t e of t h e c h o i c e o f t h e o r i g i n a l a r i s t o c r a t . A p o s s i
am convinced, we w i l l s e e a l o t of p r o g r e s s i n t h e n e a r f u t u r e .
10.-DUAL THEORIES. -We have d i s c u s s e d i n t h e t h r e e p r e c e e d i n g s e c t i o n s some a t t e m p t s t o b u i l d r e n o r m a l i z a b l e f i e l d t h e o r e t i c a l models ( i . e . i n t e rn a l l y c o n s i s t e n t ) t h a t show some of t h e p r o p e r t i e s
we e x p e c t a hadron t h e o r y t o have.
Our hadron r e a l i t y i s s o r i c h and complicated t h a t t h e a t t e m p t s t o c o n s t r u c t a dynamical t h e o r y f o r i t must f o l l o w a double p a t h . On one s i d e phenomenolog i c a l models t h a t u s e t h e o r e t i c a l g u i d e l i n e s a r e
c o n s t r u c t e d i n o r d e r t o c o r r e l a t e e x p e r i m e n t a l f a c t s .
On t h e o t h e r hand, we f i n d a t t e m p t s t o b u i l d c o n s i st e n t dynamical t h e o r i e s f o r s i m p l i f i e d w o r l d s which
s h a r e w i t h o u r r e a l i t y o n l y some p r o p e r t i e s , a b st r a c t e d ( f a s h i o n a b l e word) from t h e bulk of p h y s ic a l f a c t s .
The hope is, of course, t h a t i f we understand such t h e o r i e s we could be a b l e t o complicate more and more t h e t h e o r e t i c a l w o r l d , s o t o approach b e t t e r and b e t t e r o u r r e a l world.
A b e a u t i f u l example of a r a t h e r complete dynamical t h e o r y f o r a f a k e world i s g i v e n by d u a l t h e o r e t ic a l models. These a r e mathematical r e a l i z a t i o n s of t h e p o l e dominance i d e a which u n d e r l i e s d u a l i t y .
As s t a t e d a t t h e beginning, s t r o n g i n t e r a c t i o n s a r e obviously s t r o n g from t h e f a c t t h a t we have r esonances and bound s t a t e s . I e i t p o s s i b l e t h a t i f we t a k e i n t o account o n l y t h e resonances what i s l e f t i s n e g l i g i b l e ?
I n o r d e r t o accomplish such a requirement, t h e exchange of simple resonances ( t channel p o l e s ) must p r o v i d e t h e f o r c e t h a t g i v e r i s e t o resonances and bound s t a t e s ( s channel p o l e s ) . T h i s i m p l i e s , a s a n e c e s s a r y c o n d i t i o n , an i n f i n i t e number of resonances ( i n f i n i t e number of Regge t r a j e c t o r i e s ) . T h i s may STRONG INTERACTION THEORY
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n o t be a n expensive p r i c e : i t i s perhaps e a s i e r t o t h i n k t h a t t h e 1 0 0 o r s o resonances we have e v i d e n c e f o r a r e t h e f i r s t 100 members of a n i n f i n i t e f a m i l y r a t h e r than t o t r y t o f i g u r e o u t why 100 o r any number.
I n o r d e r t o b e c o n s i s t e n t w i t h e x a c t p o l e dominance i n a l l channels, dual t h e o r i e s a r e extremely c o h e r e n t schemes. Apart from a n energy s c a l e (a') and a n overa l l c o u p l i n g c o n s t a n t parameter (g), e v e r y t h i n g i s s p e c i f i e d i n t h e framework of a theory, i . e , s p e c t r a , a l l couplings and even t h e dimensions of t h e space time of t h e f a k e world i n which t h e t h e o r y works
( c r i t i c a l dimensions). T h a t t h i s d i m e n s i o n a l i t y ent e r s i n t o a t h e o r y of t h a t k i n d i s e a s y t o unders-
tand. Indeed, p a r t i c l e p o l e s a r e g e n e r a t e d by d i v e rgences of sums o v e r d e g r e e s of freedom and t h o s e depend on t h e d i m e n s i o n a l i t y of space-time. I n f a c t t h e c r i t i c a l d i m e n s i o n a l i t y i s s m a l l e r f o r t h e o r i e s t h a t have a l a r g e r number of i n t e r n a l d e g r e e s of freedom (G p a r i t y , h a l f i n t e g e r s p i n , i n t e r n a l synimetries, e t c ... ).
Needless t o s a y t h a t t h e r e i s no model which works f o r 4 space-time dimensions and t h e c o r r e c t p h y s i c a l
spectrum. But i t i s n o t a n u n p l e a s a n t f e a t u r e t h a t i n t h e s u c c e s s i v e approaches from t h e f a k e world f o r which t h e t h e o r y works t o more r e a l i s t i c worlds, t h e dimensions of space a l s o p l a y a r o l e .
We know a v e r y l i m i t e d number of models t h a t have a l l t h e p r o p e r t i e s we w i l l l i s t a f t e r w a r d s . I n T a b l e I a r e s h a m t h e models we know, t h e c r i t i c a l number of dimension (dc), t h e i n t e r c e p t a. of t h e l e a d i n g t r a j e c t o r y and t h e t y p e of m a s s l e s s p a r t i c l e s t o which t h e s e models g i v e r i s e .
I n t h e dual p i o n model, t h e p i o n i n t e r c e p t can be s h i f t e d by a n a r b i t r a r y amount by a s s o c i a t i n g a f i f t h component, w i t h p l u s o r minus a c o n s t a n t v a l u e , t o t h e momenta of t h e odd g p a r i t y s t a t e s [27j.
The i n t r o d u c t i o n of a n i n t e r n a l SU(N) symmetry group, has been shown t o d e c r e a s e t h e v a l u e of dc. [28] .
Besides t h e w e l l known r e s u l t s on t h e e x p o n e n t i a l degeneracy of t h e spectrum and t h e Regge a s y m p t o t i c behaviour, some remarkable p r o p e r t i e s of t h e s e mod e l s a r e : f ) They a l l o w a Lagrangian i n t e r p r e t a t i o n ( s t r i n g s )
There a r e a l s o some u n p l e a s a n t p r o p e r t i e s ( b e s i d e s t h e f a c t t h a t they do n o t a p p l y y e t t o o u r r e a l world ! )
which have n o t been completely solved y e t namely : g) They g e n e r a l l y c o n t a i n tachyons h) There i s a p l a n a r l o o p d i v e r g e n c e whose i n t e rp r e t a t i o n i s s t i l l u n c l e a r .
L e t u s conrment b r i e f l y t h e s e p r o p e r t i e s . For t h e i n t e r c e p t s l i s t e d i n T a b l e I, t h e models a l l o w a n i n f i n i t e number of gauge c o n d i t i o n s which p h y s i c a l s t a t e s (obtained by f a c t o r i z a t i o n ) must s a t i s f y . The s t a t e s t h a t s a t i s f y t h e s e gauge c o n d i t i o n s a r e t h e
" t r a n s v e r s e s t a t e s " (made up w i t h o n l y t r a n s v e r s e modes, l i k e t h e photon i n quantum electrodynamics) However, a t t h e l o o p l e v e l t h e r e a r e new s i n g u l a r i t i e s a p p e a r i n g which f o r d < dc a r e c u t s and which a r e i n disagreement w i t h u n i t a r i t y .
I f d = d c t h e s e s i n g u l a r i t i e s a r e p o l e s which a r e bona f i d e bound s t a t e s . T h i s h a s been r e c e n t l y proven r i g o r o u s l y a t t h e s i n g l e l o o p l e v e l by t h e i nt r o d u c t i o n of a p h y s i c a l s t a t e p r o j e c t i o n o p e r a t o r
i n t h e loop c a l c u l a t i o n [30] .
I n t h e c o n v e n t i o n a l model, t h e s e bound s t a t e s f a ct o r i z e SO a s t o r e p r o d u c e t h e s p e c t r u m o f t h e Virasoro-S h a p i r o model 1311. The c o u p l i n g between t h e o r i g i n a l model ( l e t u s c a l l i t Reggeon world) and t h e bound s t a t e one ( c a l l it Pomeron) i s such t h a t gauge cond i t i o n s a r e c o n v e n i e n t l y t r a n s f e r r e d s o t h a t t h e p h y s i c a l t r a n s v e r s e s t a t e s of both models a r e t h e o n l y ones which a r e coupled. The a n a l y s t h e t r e e p o l e s d u a l t o t h e u n i t a r i t y c u t s which a r e contained i n loop diagrams.
I n t h e fermion model, a s i m i l a r p e r m e a b i l i t y of a l l gauge c o n d i t i o n s h a s been found [32] between t h e fermion s e c t o r and t h e boson one (which c o i n c i d e s w i t h t h e dual p i o n model) i f t h e f e d o n ground s t a t e i s massless. Again, only p h y s i c a l t r a n s v e r s e s t a t e s , fermions and b o s o n s a r e t h e o n l y o n e s w h i c h c o n s i s t e n tl y appear. On t h i s b a s i s , some preliminary r e s u l t s on multifermion amplitudes were p r e s e n t e d a t t h e Conference [33] .
I n t h e z e r o s l o p e l i m i t , a l l p a r t i c l e s but one -o r few i f daughters a l s o c o n t r i b u t e -a r e s e n t t o i n f in i t y and one f i n d s a s i t u a t i o n s i m i l a r t o t h a t of f i e l d t h e o r i e s .
By conveniently choosing t h e model and t h e l i m i t , i t has been shown t h a t t h e r e is a one t o one c o r r e spondence between t h e t r e e diagrams of t h e dual mod e l s and t h e renormalizable quantum f i e l d theory l i s t e d i n Table 11. I n t h e f i r s t c a s e t h e one t o one correspondence h a s been proven a l s o a t a r b i t r a r y loop l e v e l . The f a c t t h a t t h e i n t e r c e p t s i n Table I1 a r e n o t t h o s e of Table I i s due t o t h e f a c t t h a t , i n t h e a ' -I 0 limit,gauge c o n d i t i o n s a r e n o t needed t o e l i m i n a t e ghosts, which anyhow, have i n f i n i t e mass.
L e t u s now d i s c u s s b r i e f l y t h e s t r i n g i n t e r p r e t at i o n . It h a s been shown, more t h a n one y e a r ago, t h a t t h e spectrum of t h e conventional d u a l model, f o r a = 1 and d -dC i s t h e same a s t h a t of a m a s s l e s s quantized r e l a t i v i s t i c s t r i n g which propag a t e s i n space-time [39] . The a c t i o n i s t h e a r e a of t h e s u r f a c e spanned by t h e s t r i n g and t h e gauge cond i t i o n d e r i v e s from t h e i n v a r i a n c e of t h e a r e a of t h e s u r f a c e on t h e way i n which t h e s u r f a c e i s paramet r i z e d .
Attempts have been made t o i n c l u d e t h e dual pion model i n a s t r i n g p i c t u r e [ 4 1 ] . I t has been r e c e n t l y understood [40] what kind of i n v a r i a n c e g e n e r a l i z e s t h e r e p a r a m e t r i z a t i o n of t h e s u r f a c e spanned by t h e s t r i n g and which g i v e s r i s e t o t h e "super gauges'' which a r e p r e s e n t i n t h i s model a s w e l l a s i n t n e fermion one.
The i n t e r a c t i o n h a s a l s o been introduced i n t h e s t r i n g p i c t u r e . This has been done following two d i f f e r e n t l i n e s . The f i r s t one i s t o put two opposite (always massless) charges i n t h e end p o i n t s of t h e s t r i n g and l e t i t evolve i n a n e x t e r n a l e l e c t r omagnetic f i e l d . Ademollo e t al.1421 succeded i n s o l v i n g t h e s t r i n g e q u a t i o n s i n t h e presence of t h e i n t e r a c t i o n which, due t o i t s v e c t o r c h a r a c t e r , does n o t s p o i l t h e i n v a r i a n c e on r e p a r a m e t r i z a t i o n (gauge
Zero s l o p e l i m i t i ---------------------------------------
Conventional model w i t h n e g a t i v e i n t e rc e p t i n which t h e t r a j e c t o r y p a s s e s 2 through a ( p ) = 0 Then he d i d a n analogous t r e a t m e n t of t h e fermion and d u a l p i o n models 1441. I n t h i s p i c t u r e , t h e main d i f f e r e n c e between a boson and a fermion s t r i n g l i e s i n t h e boundary c o n d i t i o n s .
He o b t a i n e d i n t h i s way t h e a m p l i t u d e of t h e c o r r e sponding models i n t h e s i n g l e fermion c a s e and a l s o a m u l t i f e r m i o n a m p l i t u d e which i s o b v i o u s l y dual.
These r e s u l t s seem t o c o i n c i d e w i t h t h e p r e l i m i n a r y ones o b t a i n e d w i t h o p e r a t o r i a l t e c h n i q u e s 1331.
I w i l l n o t speak of t h e u n f o r t u n a t e l y very l i m i t e d p r 0 g r e s s i n t h . e hunt f o r new models 1451. The hope t h a t t h e c l a s s i c a l s t r i n g p i c t u r e would be h e l p f u l i n t h i s s e n s e h a s been deceived up t o now. L e t me d i s c u s s t h e two n e g a t i v e p o i n t s e ) and f ) l i s t e d b e f o r e . I n t h e N.S. model t h e r e i s no tachyon o n t h e p t r a j e c t o r y and -a s s a i d before-t h e tachyon on t h e pion t r a j e c t o r y can be removed a t t h e expense of i n t r o d u c i n g a m a s s l e s s even G p a r i t y s c a l a r . L e t me s a y t h a t t o have a t h e o r y w i t h s p i n n i n g p a r t i c l e s w i t h o u t g h o s t s and tachyons i s i n i t s e l f q u i t e an accomplishment.
The removal of t h e p l a n a r l o o p d i v e r g e n c e by a r en o r m a l i z a t i o n procedure h a s b e e n a t t e m p t e d s e v e r a l y e a r s ago [46] . It meets however some d i f f i c u l t i e s when d = dc where -probably-a n e x t r a s u b t r a c t i o n is needed.
An i n t e r e s t i n g a l t e r n a t i v e t h a t can perhaps c o r r el a t e and remove b o t h d i f f i c u l t i e s comes from t h e remark t h a t t h e p l a n a r l o o p d i v e r g e n c e i s r e l a t e d t o t h e vacuum t r a n s i t i o n of t h e m a s s l e s s s c a l a r (Pomeron d a u g h t e r ) . T h i s ressembles t h e Higgs mechanism ( i n a n i n t e r m e d i a t e s h i f t e d f i e l d ) and Anyhow, even i f f a r from o u r r e a l world, d u a l mod e l s r e p r e s e n t a remarkable t h e o r e t i c a l l a b o r a t o r y .
The framework i s e x t r e m e l y t i g h t , s o no f i d d l i n g i s allowed,and t h e t h e o r y i s f u l l of amazing p r o p e r t i e s which make more and more p l a u s i b l e t h e i n t e r n a l cons i s t e n c y . A l l t h e s e f a c t s would be p u r e l y of an e st h e t i c n a t u r e i f we do n o t f i n d models which approach b e t t e r o u r r e a l world.
11.-CONCLUSION. I n t r y i n g t o b u i l d i n t e r n a l l y c o n s i s t e n t t h e o r i e s from suchdifferentstartingpoints, one f i n d s h o w e v e r a n amazing convergence towards some c o m o n f e a t u r e s , which a r e c h a r a c t e r i s t i c of gauge f i e l d t h e o r i e s w i t h spontaneous breaking. T h i s can perhaps p r o v i d e t h e c r o s s f e r t i l i z a t i o n we need t o overcome t h e lim i t a t i o n t h a t any one of t h e s e a p p r o a c h e s t y p i c a l l y f i n d s .
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